Abstract
Photodecomposition of Iodinated Contrast Media and Subsequent
iopamidol in source waters (presence of NOM) did not induce toxicity. However, after chlorination 80 the genotoxicity of the waters was enhanced (LC50 = 117.5 µM). Wendel et al., (2014) showed some 81 toxicity related to the chlorination of iopamidol in ultra-pure water (without NOM) but to a lower 82 level (LC50 = 427 µM). Five high-molecular weight iopamidol chlorination DBPs were isolated and it 83 was shown that they were minor contributors to the overall cytotoxicity and genotoxicity (Wendel et 84 al., 2016) . Photolysis by sunlight (Pérez et al., 2009, Doll and Frimmel, 2003) UV disinfection of drinking water is commonly implemented in Europe and generally consists of a low 102 pressure mercury lamp emitting at 254 nm. UV has been used since it is efficient in inactivating a 103 wide range of waterborne pathogens while it does not produce regulated DBPs (Wolfe 1990 ). It leads 104 to a lower oxidant demand and therefore, the amount of chlorinated oxidant needed to ensure a 105 disinfectant residual in the distribution system is reduced as well as the subsequent formation of 106 regulated DBPs. It has been shown in a previous study, carried out in ultrapure water (absence of 107 NOM), that the combination of UV photolysis with post-disinfection applied on a iopamidol solution 108 enhanced the formation of I-DBPs (Tian et al., 2014) . Therefore, in real system where NOM is present 109 the formation of I-DBPs is expected to be even higher and this sequential process might not be 110 beneficial in presence of ICM. 111
In a first stage the kinetics and direct phototransformation quantum yields of 5 ICM (iopromide (IOP), 112 iopamidol, diatrizoic acid, iohexol and iotalamic acid) under low-pressure lamp irradiation were 113 determined. In a second stage the degradation of ICM and the formation of I-DBPs from the 114 combination of UV followed by chlorination or chloramination in synthetic waters with and without 115 NOM were investigated. To better understand the main factors affecting the formation of potentially 116 toxic I-DBPs from the sequential oxidation process, the influence of the UV fluence, concentration of 117 oxidants, NOM type and concentration were investigated using IOP. Chlorinated and iodinated THMs were analysed by headspace solid-phase microextraction-gas 159 chromatography mass spectrometry according to a previously published method . 160
Experimental procedure 161
Kinetics and quantum yield determination. Working solutions containing individual ICM at 10 M 162 were freshly prepared in ultrapure water for each analytical run. For each experiment, the pH was 163 controlled with a 5 mM phosphate buffer adjusted with NaOH and/or HCl. 500 mL of ICM solutions 164 were irradiated for up to five minutes and samples were collected every 10 seconds. Similar IOP 165 degradation was observed in both static (kinetic experiment) and UV dose experiments ( Figure S2 ). 166
This shows that for the static irradiation experiments, the volume loss induced by the withdrawing of 167 the samples did not affect the overall degradation of ICM, i.e. the incident photonic flux received by 168 the solution is constant. 169
ICM degradation and formation of I-DBPs.
Since it is one of the most commonly used ICM, IOP was 170 selected to develop a detailed mechanistic study on the formation of potentially toxic iodinated 171 organic compounds. The desired volume of a concentrated NOM solution was added to the solution 172 in order to reach the target concentrations of 2 and 4 mgC/L. The influence of NOM nature was also 173 tested using NOM isolates described in Table S1 . The irradiation dose was calculated using the 174 incident photonic flux determined by actinometry and ranged from 400 to 50000 J.m (Table 2) . 203 (Table 2) . Additionally, Ɛ254 for iotalamic acid and diatrizoic acid were 208 determined to be 19100 and 15900 M -1 .cm -1 , respectively. All Ɛ254 values were found to be in the 209 same range since the 5 ICM have similar structure. 210
For the determination of the quantum yields, irradiation experiments were carried out at an incident 211 photonic flux ranging from 3.93 to 4.43 µEinstein.s -1 (14 repetitions). The degradation of the 5 ICM 212 under UV irradiation as a function of time and UV dose is presented in Figure S4 . After 120 seconds 213 of UV exposure (14000 J m -2 ), almost all ICM were fully decomposed. This finding confirms that UV 214 treatment is efficient in degrading ICM. The UV degradation of the 5 ICM follows a first order kinetic 215 law allowing to calculate the first order photolysis rate constant kobs using the slope of equation (1) The incident photonic flux determined by actinometry with both hydrogen peroxide and atrazine is 234 valid for a solution that has a negligible absorbance (< 0.02). In this study, the absorbance of ICM in 235 ultrapure water was larger than 0.02, since we used a higher concentration for a better analytical 236 resolution in HPLC. Therefore, a correction factor, the Morowitz correction factor (Sλ), should be 237 introduced in the fluence calculation (Katsoyiannis et al., 2011) . To determine the quantum yield, the 238 incident photonic flux was multiplied by the Morowitz factor specific to each ICM. (Table 2 ). This confirms that the experimental set up and calculation were accurate. Two 243 new quantum yields were determined in this study; diatrizoic acid (0.071 mol.Einstein -1 ) and 244 iotalamic acid (0.038 mol.Einstein -1 ). The influence of pH on iopamidol and iohexol degradation was 245 studied and found to be negligible ( Figure S6 ). It was assumed that the other ICM behave similarly. 246
This allows to evaluate the extent of these ICM degradation during UV disinfection since the kinetic 247 rate constants and quantum yields are not pH dependent (in the pH range found in water treatment). decreasing from 23% of the initial iodine content to ~0% for increasing oxidant concentration for 308 both HOCl and NH2Cl (Figure 2a) organic compounds present in solution are IOP, its decomposition products and I-DBPs formed 316 through reaction of HOI with the decomposition products. In the case of NH2Cl, the I -concentration 317 should be inversely correlated to the AOI to complete the mass balance. As shown in Figure 2a Table S1 oxidants. This is due to UV light absorption by NOM moieties (Frimmel 1998) To better understand the role of NOM in I-DBPs formation in this sequential process, various NOM 420 types were tested under similar experimental conditions. Figure 4b shows the concentration of the 421 various iodinated species for 7 different types of NOM classified by increasing SUVA254 values (Table  422 S1). The concentration of IOP after sequential treatment (~ 50%) is similar for all NOM extracts. This 423
shows that, unlike NOM concentration, the higher screening effect induced by high SUVA254 NOM is 424 not a critical parameter and does not affect IOP degradation significantly. NOM with higher SUVA254 425 values were also expected to have a higher reactivity toward HOI (Hua and Reckhow, 2007b) . when HOCl was used while it remained constant when NH2Cl was dosed. 7 different NOM extracts 506 were tested but no appreciable differences were observed in terms of IOP degradation and I-DBPs 507 formation. Therefore, unlike NOM concentration, it can be concluded that the nature of the NOM 508 does not have a significant impact. It was also showed that the 5 ICM behave similarly and it was 509 confirmed that higher concentration of I-DBPs are formed when NH2Cl is used compared to HOCl. 510
Toxicity tests confirmed the above results with higher toxicity measured for the experiments with 511
NH2Cl. Interestingly the toxicity observed for the HOCl experiment was similar to the UV254 alone 512 experiments, confirming that the formation of IO3 -inhibits to a great extent the impact of I-DBPs and 513 their associated toxicity. These results showed that ICM are a source of iodine that may lead to the 514 formation of toxic I-DBPs when UV254 and final disinfection are applied for drinking water production. 
